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(54) Catheter having an expandable shaft 

(57) In accordance with the present invention there 
is provided a catheter for insertion within the human vas- 
culature. The catheter is capable of being irreversibly 
expanded from a first diameter to a second diameter. 
The catheter has an elongated shaft with a distal end, 
a proximal end and a longitudinal axis extending there- 
between. The shaft has a lumen extending there- 



through. The lumen has a substantially circular cross 
section ofa first diameter. The shaft has two or more 
stripes of a substantially rigid material and two or more 
stripes of a substantially expandable and non-resilient 
material. The rigid stripes disposed between the ex- 
pandable stripes. The stripes extend between the distal 
and proximal ends of the shaft. 
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Description 

FIELD OF THE INVENTION 

The present Invention relates to intravascular cath- 
eters, such as catheter sheath introducers and guiding 
catheters used with angioplasty procedures. The 
present invention has even further relation to such cath- 
eters which have an expandable shaft. 

BACKGROUND OF THE INVENTION 

Catheters, cannulas, or catheter sheath introduc- 
ers, having hemostasis valves which are mounted on a 
housing on the end of a catheter are well known in the 
art. Examples of a catheter sheath introducers are given 
in U.S. Patents 4,000,739 issued to Stevens on January 
4, 1977, 4,895,565 issued to Hillstead on January 23, 
1990 and 5,417,665 issued to De La Mata et al. on May 
23, 1 995, all of which are hereby incorporated herein by 
reference. The catheters have a distal end for insertion 
into the patient and a proximal end which remains ex- 
terna! of the patient. Such catheters are used to facilitate 
the introduction of other catheters and guidewires into 
the vascular system of a patient, while minimizing injury 
to the patient at the access site. For some procedures, 
such as percutaneous transluminal angioplasty, one or 
more catheters are inserted into and removed from the 
patient repeatedly. 

The catheter introducer is usually inserted into the 
femoral or brachial artery of a patient. The presence of 
the catheter sheath introducer causes the trauma to the 
body to be limited to only one catheter entering at the 
body access site. All other catheters and guidewires 
pass through the catheter introducer, and thus are not 
traumatic to the body at the access site. Catheter sheath 
introducers typically have a hemostasis valve located 
within a housing at the proximal end. The valve can be 
made from a slit elastomeric partition or membrane. The 
valve is designed to seal against leakage of blood, as 
catheters and guidewires of varying diameters are 
passed therethrough. 

When performing interventional procedures, such 
as PTCA or stent implantation, a guiding catheter is in- 
serted through the catheter sheath introducer and 
placed adjacent the ostium of the artery. Thereafter, a 
balloon catheter or the like is inserted through the guid- 
ing catheter and delivered to a diseased portion of a cor- 
onary artery. During such procedures, the physician of- 
ten realizes that a larger balloon catheter or stent is 
needed to treat the particular patient. This may neces- 
sitate the need for a larger guiding catheter. In addition 
to that situation, physicians often will perform diagnostic 
procedures using relatively small size diagnostic cathe- 
ters, and thereafter perform interventional procedures 
with relatively large french size guiding catheters. Both 
of these procedures often necessitate the need for a 
larger catheter sheath introducer to accommodate for 



the larger size catheter. However, exchanging the cath- 
eter sheath introducer has many drawbacks, including 
increased trauma at the insertion site. In addition, ex- 
changing catheter sheath introducers can cause an in- 
s crease in the procedure time, resulting in additional pa- 
tient discomfort and additional costs. 

There has, therefore, been a need for a catheter 
sheath introducer, guiding catheter, trocar or the like, 
which has a shaft that can increase its diameter. There 
10 has also been a need to have such a catheter wherein 
the diameter of the shaft is permanently expanded. By 
permanently expanding the diameter, friction between 
the expanded shaft and devices passing therethrough, 
such as other catheters, decreases. In addition, if the 
1$ shaft is not permanently expanded, it could damage de- 
vices, i.e. stents, balloons etc., as they are passed 
therethrough, and prevent the removal of such devices 
out of the shaft. Lastly, a permanently expanded shaft, 
gives the physician better torque-ability of the devices 
passing therethrough and allows the physician to do sa- 
line flushes. The present invention fulfills such needs. 

SUMMARY OF THE INVENTION 

In accordance with the present invention there is 
provided a catheter for insertion within the human vas- 
culature. The catheter is capable of being irreversibly 
expanded from a first diameter to a second diameter. 
The catheter has an elongated shaft with a distal end, 
a proximal end and a longitudinal axis extending there- 
between. The shaft has a lumen extending there- 
through. The lumen has a substantially circular cross 
section of a first diameter. The shaft has two or more 
stripes of a substantially rigid material and two or more 
stripes of a substantially expandable and non-resilient 
material. The rigid stripes disposed between the ex- 
pandable stripes. The stripes extend between the distal 
and proximal ends of the shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims which 
particularly point out and distinctly claim the subject mat- 
ter forming the present invention, it is believed that the 
invention will be better understood from the following de- 
scription of the preferred embodiment taken in conjunc- 
tion with the accompanying drawings wherein: 

Figure 1 is a perspective view of a catheter made 
in accordance with the present invention. 

Figure 2 is a cross-sectional view of the proximal 
end of the catheter of Figure 1 taken along line 2-2. 

Figure 3 is a view similar to that shown in Figure 2 
but showing the shaft in its expanded state. 

Figure 4 is a perspective view of an alternative em- 
bodiment of a catheter made in accordance with the 
present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to the drawings wherein like numerals in- 
dicate the same elements throughout the views, there 
is shown in Figure 1 a catheter 10 made in accordance 
with the present invention. Catheter 10 is shown as be- 
ing a catheter sheath introducer, however, as will be ap- 
preciated by those skilled in the art, the present inven- 
tion has equal applicability to many other types of cath- 
eters such as guiding catheters and other medical de- 
vices such as trocars. All such devices are referred to 
herein as catheters. Catheter 10 is designed to be in- 
serted into the vessel of a patient and serve as an en- 
trance site for other catheters, guidewires or the like. 
Catheter 10 includes a proximal end 12 having a rigid 
housing or hub 20 attached thereto. The housing 20 typ- 
ically includes an annular valve for access to the lumen 
of the catheter. A preferred description of a valve is given 
in the herein before incorporated reference U.S. patent 
5,453,095. 

Catheter 10 includes elongated shaft 30. Shaft 30 
has a distal end 32, a proximal end 34 and a longitudinal 
axis 36 extending therebetween. As seen from Figure 
2, the shaft has a lumen 40 extending therethrough. The 
shaft 30 has initial diameter D1 when initially removed 
from the package and inserted into the patient. In ac- 
cordance with the present invention, the shaft is capable 
of expanding from its initial diameter D1 to a larger di- 
ameter D2. 

As seen from Figure 2 and 3, lumen 40 has a sub- 
stantially circular cross section having a diameter D1 . 
The shaft has two or more stripes 52, preferably 4 as 
shown in the figures, of a substantially rigid material, and 
two or more stripes 54, preferably 4 as shown in the fig- 
ures, of a substantially expandable and non-resilient 
material. The rigid stripes are disposed between the ex- 
pandable stripes. The stripes extend between the distal 
and proximal ends of the shaft. Rigid stripes can be 
made from any suitable material known in the art includ- 
ing high density polyethylene, rigid polyurethane, high 
density polyethylene, polyamides, etc. The expandable 
non-resilient stripes 54 can also be made from any 
number of suitable materials known in the art including 
low and ultra-low density polyethylene and modified low 
and ultra-low density polyethylene, i.e. with maleic an- 
hydrides. It is also preferred that the stripes be equally 
spaced from each other so that the expansion of the 
shaft is substantially uniform around its circumference. 
The number of stripes will depend on the amount of ex- 
pansion required for the device. If more expansion is 
needed a larger number of stripes is often needed need- 
ed. That is because the expandable non-resilient stripes 
often have a higher coefficient of friction than the rigid 
stripes. Stripes 54 need to be large enough to allow for 
expansion, but small enough so as not to substantially 
effect the lubricity of the interior of the shaft. 

The device is particularly helpful when a physician 
is performing a diagnostic procedure with a small f rench 



size catheter and then goes on to perform an interven- 
tional procedure, such as an angioplasty, with a larger 
french size guiding catheter. After the diagnostic cathe- 
ter is removed, the physician would insert a dilator into 
s the lumen of catheter 1 0 through the proximal end. The 
diameter of the dilator should be about equal to the out- 
side diameter of the guiding catheter. As the physician 
inserts the dilator into the lumen, the expandable stripes 
begin to expand while the rigid stripes remain intact. The 
10 expandable stripes are non-resilient and yield, beyond 
their elastic limit, as they are expanded. This prevents 
the shaft from recoiling to a smaller diameter after the 
dilator is removed. Thereafter, the physician removes 
the dilatorf rom the catheter 10 and inserts the new guid- 
es ing catheter. The rigid stripes provide the necessary ri- 
gidity to keep the vessel open and keep the placement 
of the shaft intact while the expandable stripes allow the 
shaft to expand. 

Shaft 30 can be made from any suitable manufac- 
turing method known in the art including co-extrusion of 
the rigid and expandable stripes. For applications such 
as catheter sheath introducers, where the proximal end 
of the catheter is attached to a device, such as housing 
20, the proximal end of the shaft should be expanded to 
its largest diameter. After which, the proximal end of the 
shaft can be attached to the housing by any suitable 
means known in the art such as injection molding or 
snap fitting. The proximal end of the shaft would be 
flared to its maximum diameter and then attached to the 
housing. The housing would be large enough to accom- 
modate the expansion of the shaft. 

Referring now to Figure 4, there is shown an alter- 
native embodiment of the present invention. Figure 4 
shows an embodiment wherein the catheter of the 
present invention is a trocar 110. Trocar 110 can be of 
the type disclosed in U.S. Patent 5,256,149 issued on 
October 26, 1 993, which is hereby incorporated herein 
by reference. Trocar 110 is designed to be inserted into 
a patient to perform endoscopic procedures. Trocar 1 1 0 
includes a proximal end 112 having a rigid housing 120 
attached thereto. Housing 120 typically includes a valve 
or the like for access to the lumen of the trocar. 

Trocar 110 includes elongated shaft 1 30. Shaft 1 30 
has a distal end 1 32, a proximal end 1 34 and a longitu- 
dinal axis extending therebetween. Shaft 130 has a lu- 
men 140 extending therethrough. As with the catheter 
10 above, Shaft 130 has initial diameter when initially 
removed from the package and inserted into the patient. 
In accordance with the present invention, the shaft is 
capable of expanding from its initial diameter to a larger 
diameter. 

Shaft 1 30 has a substantially circular cross section 
and has two or more stripes 152 of a substantially rigid 
material, and two or more stripes 154. The rigid stripes 
are disposed between the expandable stripes. The 
stripes extend between the distal and proximal ends of 
the shaft. Rigid stripes can be made from any suitable 
material known in the art including high density polyeth- 
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ylene, rigid polyurethane, high density polyethylene, 
polyamides, etc. The expandable non-resilient stripes 
154 can also be made from any number of suitable ma- 
terials known in the art including low and ultra-low den- 
sity polyethylene. It is also preferred that the stripes be s 
equally spaced from each other so that the expansion 
of the shaft is substantially uniform around its circum- 
ference. The number of stripes will depend on the 
amount of expansion required for the device. If more ex- 
pansion is needed a larger number of stripes is often 10 
needed. That is because the expandable non-resilient 
stripes often have a higher coefficient of friction than the 
. rigid stripes. 

Although particular embodiments of the present in- 
vention have been shown and described, modification is 
may be made to the catheter without departing from the 
spirit and scope of the present invention. The terms 
used in describing the invention are used in their de- 
scriptive sense and not as terms of limitations. 



Claims 

1 . A catheter for insertion within a patient, said cathe- 
ter being capable of being irreversibly expanded 25 
from a first diameter to a second diameter, said 
catheter comprising: 

a. an elongated shaft having a distal end, a 
proximal end and a longitudinal axis extending 
therebetween, said shaft having a lumen ex- 
tending therethrough, said lumen having a sub- 
stantially circular cross section having a first di- 
ameter; and 

b. said shaft comprising two or more stripes of 
a substantially rigid material and two or more 
stripes of a substantially expandable and non- 
resilient material, said rigid stripes disposed 
between said expandable stripes, said stripes 
extending between said distal and proximal 
ends. 

2. The catheter of claim 1 wherein said rigid stripes 
are equally spaced from each other. 

3. The catheter of claim 1 or claim 2 wherein said rigid 
stripes are made from high density polyethylene, 
rigid polyurethane or a polyamide. 

4. The catheter of any one of claims 1 to 3 wherein 
said expandable non -resilient stripes are made 
from low density polyethylene or ultra-low density 
polyethylene. 

5. The catheter of any one of claims 1 to 4 further in- 
cluding a rigid housing attached to said proximal 
end of said shaft. 



6. The catheter of claim 6 wherein said housing in- 
cludes a valve, which is preferably annular. 

7. The catheter of any one of claims 1 to 6 wherein 
said shaft comprises four rigid stripes and 4 ex- 
pandable non-resilient stripes. 

8. The catheter of any one of claims 1 to 6 wherein 
said catheter is a catheter sheath introducer, a guid- 
ing catheter, or a trocar. 
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